Access to safe drinking water is a major concern for Canada's First Nations. The main objective of this report was to evaluate the microbiological quality of raw source water used for drinking purposes by the Cree people of Mistissini (Province of Québec, Canada) during summer 2005. Twelve environmental sites and 24 portable water containers used for domestic water collection and storage were sampled and submitted to microbiological determination of total coliforms, Escherichia coli, and Enterococcus sp. using membrane fi ltration and colourimetric standard methods. The results suggest that the microbiological quality of raw source water sampled from environmental sites is enhanced by storage practices of Mistissini inhabitants as microbial counts have shown a tendency to decrease upon storage and that the targeted fecal indicators (E. coli and enterococci) were quantitatively distributed independently from each other, especially with regards to the type of water source. In conclusion, even if the use of multiple indicators could offer better water quality monitoring, technological constraints limit the use of culture-based methods in such a remote area, underlining the importance of always boiling water from raw water sources before consumption.
Introduction
Water is a key determinant of health, recognized as an important vector of transmission for many of the most widespread and debilitating diseases that affl ict humanity (Reiff et al. 1996) . As Drangert reports, "Water quality is a concept that includes taste, odour, colour, appearance, softness, temperature, as well as bacteriological and chemical properties" (Drangert 1993) . Humans use some or all of these properties to select drinking water. In Canada, even if more than 90% of North Americans use publicly treated water (Hutson et al. 2004 ), a signifi cant number of indigenous people continue to follow a traditional lifestyle close to the land and rely on natural resources (Furgal 1999) . They consider that natural water lives, inspires, heals, and prophesizes, and that by their nature, springs and rivers display power, life, and perpetual renewal (Blackstock 2001) . Consequently, autochthones have a preference for water collected from lakes, rivers, and creeks over tap water which tends to blacken when tea is added (Torrie et al 2005; Martin et al. 2007) . It was recently reported that 31% of an Inuit population of Nunavik uses raw water, boiled or not, for consumption, juice and tea making, and food preparation (Martin et al. 2007 ). However, raw source water cannot be guaranteed free of microbial pathogens and chemical contaminants, and incidentally, the World Health Organization (WHO) considers that the distrust of tap water and the dislike of chlorine taste can lead communities to use high-risk water sources (WHO 2005) . In addition, contemporary realities may favour the increasing occurrence, migration, and emergence of waterborne diseases associated with industrial activities such as hydroelectric development (Renshaw et al. 1998) , rapid urbanization in developing regions (McNeill 1976) , and climate change (OECD 2005; Parkinson and Butler 2005) .
The Nituuchischaayihtitaau aschii ("Let us know our land") study was initiated by the Cree Board of Health to address issues of environmental contamination and their impacts on human health. Within the community of Mistissini, the microbiological monitoring of tap water is performed periodically by the local water operator in accordance with provincial regulations, but traditional water drinking habits promote the use of raw water for consumption, while tap water serves to many other purposes. In this study, we evaluated the microbiological quality of raw source water used for drinking in the Cree community of Mistissini (Northern Québec) at the point of collection and after storage in household containers during the summer of 2005. Microbiological testing was performed entirely onboard the microbiology module of the Atlantis Mobile Laboratory (AML, www.atlantis. ulaval.ca) .
(This study was presented in part at the 6 th ACADRE Annual Student Gathering, Hamilton, Ontario, Canada, 21 to 25 June 2006.)
Materials and Methods

Environmental Water Collection Sites
In Mistissini (Northern Québec), the 12 most frequently visited environmental sites used as sources of raw water used for drinking purposes by Cree community members were identifi ed by local water specialists and by the local environment administrator (Fig. 1 ). Sites were classifi ed as lakes and rivers even if local Cree inhabitants may use a different toponymy: 1) landlocked and naturally occurring stretches of calm water were classifi ed as lakes (Perche River, Wapachee camp, Km 357, Km 357 camp, South Revelation River camp, and South Revelation River launching dock), and 2) streams of visibly fl owing water that altered the nearby landscape were defi ned as river sites (Perche River bridge, Icon River, Chalifour camping, Chalifour River bridge, South Revelation River, and North Revelation River). An inversely proportional relationship exists between the number of people visiting a given site and its distance from Mistissini. Thus, Wapachee camp (I), Perche River bridge (J), Perche River (K), and Icon River (L), which are closer to Mistissini were more frequently sampled than the other sites, i.e., 9 or 10 times (see Table 1 ).
Abiotic parameters that may impact the fate of allochtonous microorganisms in freshwater, such as water temperature, turbidity, and pH (U.S. EPA 2002b), were measured at sampling sites using a portable pH and turbidity meter (Orion 250A plus; Thermo Electron Corporation, Waltham, Mass., U.S.A.). Field data was archived onsite on a "Water Quality Sampling Field Data Sheet" (U.S. EPA 1997) . Total rain data was compiled from the daily weather report out of Chibougamau/ Chapais airport.
Sampling Frequency and Water Collection Method
Each environmental site was visited between 3 to 10 times, from 20 July to 18 August 2005 (Table 1) . Visit frequency depended upon transportation availability and the relative importance of these sources of raw water for interviewed community members. Water sampling was performed between 9:00 a.m. and 1:00 p.m. Instructions from accompanying local water specialists were carefully reproduced in order to mimic local practices for water collection. Briefl y, water was collected at the surface of the lake or river site, from the traditional collection spots, off the lake or river shore, or at the end of a dock. Samples from the selected environmental sites were collected in 1-L sterile plastic bottles (Nalgene, Nalge Nunc International, Rochester, N.Y., U.S.A.), transported in a cooler with frozen ice packs, and processed for analysis within 4 hours.
Twenty-four (24) Cree households participating in the Nituuchischaayihtitaau aschii study were visited once between 7:30 a.m. and 9:30 a.m., from 20 July to 18 August 2005, in order to sample their portable water containers (Table 2) . Although every visited household owned a portable water container, 3 of 24 containers were empty at the time of sampling. Household water was collected in two 120-mL sterile vessels used for Colilert and Enterolert analysis of 100 mL water samples, transported in a cooler with frozen ice packs, and processed for analysis according to the manufacturer's instructions (IDEXX, Westbrook, Maine, U.S.A.) within four hours. During these single domestic visits, participants were interviewed regarding raw source water-related habits such as water collection method and frequency, and maintenance of the household water container (Table 2) .
Microbiological Detection Methods
Colourimetric detection methods. subsamples from the 12 environmental sites, 21 samples from portable water containers, and appropriate control samples were analyzed for total coliforms and Escherichia coli using Colilert according to Standard Method 9223 (APHA 1998), as well as for Enterococcus sp. using Enterolert (ASTM D6503-99; APHA 1998). The most probable number (MPN) methods used in this study rely on selective growth and the detection of chromomeric and fl uorescent by-products. One litre water samples were shaken vigorously during 30 seconds and two 100-mL fractions were aseptically aliquotted into 120-mL sterile vessels (IDEXX, Westbrook, Maine, U.S.A.). Colilert and Enterolert methods were performed according to the manufacturer's instructions. Positive results for total coliforms, E. coli, and enterococci were quantifi ed using the provided MPN table (IDEXX, Westbrook, Maine, U.S.A.).
Membrane fi ltration analysis. Thirty-fi ve (35) subsamples from the 74 samples collected at environmental sites, as well as previously described control samples, were analyzed by membrane fi ltration (MF) method using mEI agar for the specifi c microbiological detection of Enterococcus sp. (U.S. EPA 2002c) . The remainder of the 1-L sample was vigorously shaken for 30 seconds and fractionated into 100-mL subsamples using calibrated stainless steel funnels of a membrane fi ltration manifold (Millipore Corporation, Billerica, Minn., U.S.A.). Vacuum-driven fi ltration was performed using 0.45-μm GN-6 Metricel membranes (Pall Corporation, Ann Harbor, Mich., U.S.A.). Filtration funnels were rinsed with sterile phosphate-buffered saline after each subsample fi ltration for maximum recovery (U.S. EPA 2002c). Membranes were aseptically lifted and deposited onto mEI agar plates (BD, Franklin Lakes, N.J., U.S.A.) and incubated 24 hours at 41 ± 0.5°C for specifi c detection and enumeration of enterococci. mEI media was prepared every fortnight to ensure freshness and maximum bacterial recovery. Fresh media plates were kept in the dark at 4°C until use. Stainless steel funnels and fi lter holders were ultraviolet-(UV-) sterilized between each round of subsample testing.
Statistical analysis. Nonparametric rank statistics, as proposed by Spearman, were evaluated using the SAS system (version 9.1; SAS Institute Inc., Cary, N.C., U.S.A.; Pearson 1926) . Statistical analysis was conducted to determine the strength of association between both abiotic parameters and microbial count data sets obtained from the study. Correlation coeffi cient (r s ) values between 0 and 1 reveal that the variables tend to increase or decrease together (r s = 1 represents a perfect correlation).
Results
Validation of AML Microbiology Testing Program
Prior to the initiation of the 30 day environmental sampling program, the AML microbiology module operational procedures were validated by analyzing 37 environmental drinking water samples with colourimetric methods (data not shown). The validation tests were performed in parallel onboard the AML module as well as in the laboratory of the Mistissini water pumping station. Culture media and plates were prepared and their quality was controlled in the AML module. These data (not shown) confi rmed that classical microbiology detection methods could be reliably performed onsite using the AML microbiology module.
Abiotic Parameter Analysis
Specifi c abiotic parameters were monitored as part of the sampling program (data not shown). Generally for all sites, recorded water temperature varied from 13.6 to 21.2°C, water pH varied from 5.46 to 7.79 pH units, water turbidity varied from 0.4 to 3.2 nephelometric turbidity units (NTU), and daily rainfall varied between 0 and 3.8 mm per day.
Environmental Site Samples
The presence of total coliforms, E. coli, and enterococci was analysed in 100-mL fractions of raw water samples, using specifi c MF and colourimetric methods. Total coliforms were found in all 74 samples where MPN counts ranged from 3.1 to >200.5 colony forming units (CFU) per 100 mL (Table 1) . In all samples, total coliform counts averaged 161.8 ± 71.1 CFU/100 mL. Samples from lakes and rivers respectively contained an average of 132.6 ± 47.0 and 191.0 ± 29.7 total coliforms CFU/100 mL (Table 1) . During this study, E. coli was detected in 68% of samples and at least once at each site (Table 3) . Twenty-one percent (21%) of contaminated samples came from lake sites while the other 79% were from river sites.
Using Enterolert, 41 of the 74 samples (55.4%) turned out positive for enterococci (Table 3) , and 63.4% of the positive samples were collected from lake sites. Also, 83% of these subfractions tested positive for enterococci using the MF method (Table 3) . Samples from lake sites comprised 45% of contaminated samples while the remaining contaminated samples (55%) were from river sites. The MF method indicated the presence of enterococci while colourimetric detection suggested their absence in 7 (20%) of the 35 raw water samples tested using both methods.
Drinking Water-Related Habits
Every Nituuchischaayihtitaau aschii study participant surveyed for drinking water-related habits used raw water collected and stored in portable plastic containers ( Table 2 ). The majority of water samples we tested had been collected from three environmental sites that had been previously selected as part of the environmental sampling program. Sixteen (16) portable water containers were fi lled with water from Wapachee camp, while water collected from Km 357 camp and Perche river was found in four (4) and one (1) container(s), respectively. The remaining three (3) containers had been fi lled with water collected from unknown sites, other than the 12 environmental sites sampled during the study. Onsite treatment of collected water by participants consisted of a single-step fi ltration through a canvas or cotton cloth (pillow case or drying cloth) to remove large particles such as insects or algae. Plastic containers of 18.93 litres (5 gallons) were fi lled with raw water at irregular frequency, from once a week to twice a year, and answers pertaining to cleaning frequency also varied similarly from once a week to twice a year (Table 2) . Cleaning methods ranged from rinsing with tap water, to washing with a bleach solution and then rinsing with tap water. We did not observe correlations between microbiological counts and the fact that some containers were transparent, others opaque, and with storage inside or outside the house.
Portable Water Container Samples
Sixteen (16) of the 21 sampled water containers contained total coliforms. Samples from houses 12 and 18 contained E. coli, whereas samples from houses 8, 10, 18, and 20 were contaminated with enterococci ( Table  2 ). Levels of contamination for E. coli and Enterococcus varied between 1.0 and 6.4 CFU/100 mL. One sample of house 18, collected at Wapachee camp, showed the presence of all three indicator microorganisms (Table 3) .
Correlation Analysis
Variation of fecal indicator counts over time was observed within all sites. However, correlation between microbial count and time was not signifi cant. Nonparametric rank statistic analysis, using the Spearman correlation coeffi cient, showed that water turbidity and pH both signifi cantly covaried with total coliforms counts (r s = 0.5 and 0.4) as well as with E. coli counts (r s = 0.6 and 0.4) using Colilert. Daily rainfall and enterococci counts using Enterolert also correlated signifi cantly (r s = 0.2). Water temperature did not correlate with any microbiological result (p > 0.05). Analysis of enterococci counts data did not reveal an association between Enterolert and MF detection methods. Signifi cant correlation was also not observed between E. coli and enterococci counts using the Colilert and Enterolert methods, respectively. Furthermore, the ratio of E. coli mean concentration in lakes/rivers was 0.2 (Table 1) . Conversely, the overall enterococci mean concentration was 2.9 times higher in lakes than in rivers (Table 1) .
Discussion
Within the community of Mistissini, the microbiological monitoring of tap water is performed periodically by the local water operator. However, the use of raw source water, boiled or not, for consumption, juice and tea making, and food preparation is more in line with traditional water drinking habits (Martin et al. 2007 ). In general, community members dislike the taste of treated water and the organoleptic effects observed during tea preparation, but nonetheless use tap water for many other purposes. During the summer of 2005, water samples collected from environmental sites revealed a wide range of total coliforms, E. coli, and enterococci concentrations. As expected, all sites exceeded at least once the maximum contaminant level of 0 CFU/100 mL for all three indicators when diagnosed with MPN technique (U.S. EPA 2002b , Health Canada 2008 . It is acknowledged that environmental sites are prone to recontamination by human and nonhuman fecal waste which may contain pathogenic microorganisms (WHO 2004; Santo Domingo et al. 2007 ). Microbial source tracking of fecal contamination of water sources around Mistissini was not part of this investigation, but it is probable that microbiological contamination could have been derived from either 1) the activity of community members who constantly travel around the sampling area for freshwater, food, and medicinal plants, 2) the runoff of waste of individuals who have retreated in the bush for some period of time, or 3) the runoff of animal fecal waste into the water sources.
MPN data analysis revealed two main sourcespecifi c indicator distribution trends: 1) within sampled environmental sites, we observed that lakes had a lower E. coli and enterococci load than rivers, a trend still not confi rmed by other studies of the microbiological quality of raw water in remote areas of taiga-like regions, and 2) during the study, lake samples contained 6 times less E. coli than enterococci CFU counts, while rivers presented 2.7 more E. coli than enterococci CFU counts; this seems in accordance with the 2000 National Quality Inventory which concluded that fecal indicators and pathogenic microorganisms are the leading cause of impairment of rivers and streams in the U.S., but not in lakes, reservoirs, and ponds (U.S. EPA 2002a). Differences in the abiotic and biotic parameters between lakes and rivers could explain these observations; lakes, with their slower fl ow, may provide a stable environment for the development of biofi lm systems at the air-water interface (Münster et al. 1998 ) and in sediments (Palmer et al. 1997) , while rivers may provide a constant supply of oxygen, organic, and inorganic compounds as well as nutrients essential for bacterial growth and survival. It has been shown that allochtonous E. coli have a better survival rate in river water than lake water because of intrinsic ecology (Davies et al. 1995) , while enterococci survive less in river water, in part because of their sensitivity to photooxydation (Sinton et al. 2002) . These data could explain both the overall higher load of fecal indicator bacteria in river samples, as well as the lower concentration of enterococci in river samples compared with lake samples.
Microbiological results from both methods suggest that lake or river water in the Mistissini area should not be directly used for drinking, since positive results for fecal contamination indicators are obtained at a high frequency. However, our study found that traditional community habits favoured water collection from Perche River and Wapachee Camp lake. Interestingly, these raw water sources are considered by the community as containing the purest water and this study demonstrated that these sites presented the lowest total coliform concentrations, the lowest number of contaminated samples with E. coli, as well as having lower than mean E. coli and enterococci concentrations. The results of this study suggest that water collected from these two sites could be regarded as those presenting the lowest risk of infection of all raw drinking water sources used by the Cree people of Mistissini. Since our results derive from only a one-month-long investigation, perhaps a longerterm evaluation of the microbiological quality of raw water in Mistissini could lead to a better understanding of seasonal variability and of factors underlining the microbial contamination of water sources, as suggested by Santo Domingo et al. (2007) .
Samples from portable water containers contained less total coliform, E. coli, and enterococci counts than samples from the associated environmental sites (Table  3) . Seventy-one percent (71%) of samples from portable containers had total coliform counts above acceptable drinking water guidelines (U.S. EPA 2002b) . Both E. coli and enterococci were detected in, respectively, 9.5% (2/21) and 19.0% (4/21) of portable water container samples, compared with 8.3 and 16.7% for environmental sites. It was observed that apart from fi ltering with a cotton or canvas cloth when collecting water, community members did not directly treat their water. In terms of E. coli and enterococci contamination, the low frequency of contaminated containers might refl ect the fact that they were most often fi lled with water from the least contaminated environmental sites. On the basis of the variable frequency of container fi lling and of the unknown exact period of water storage prior to testing, we can only postulate that post-collection death of target microorganisms, deposition at the bottom of the vessel, or entry into a viable but nonculturable state are conditions that might explain the improvement of the microbiological quality of raw drinking water. Indeed, bacteriostatic and/or bactericidal effects have been known to be associated with crude simple fi ltration methods (Colwell et al. 2003 ), heat (Iijima et al. 2001 , and heat combined with UV radiation resulting from sunlight exposure (Oates et al. 2003) . Such effects have also been correlated with proper water collection practices (Roberts et al. 2001) , the use of covered containers (Wright et al. 2004) , and with the presence of residual cleaning agents (hypochlorous acid) in water containers and funnels (Acra et al. 1990 ). In addition, while bringing stored water to room temperature might favour microbial growth, as underlined by the study of LeChevallier et al. (1996) , the low concentration of nutrients and oxygen probably contribute to limiting viability and growth. Past studies on microbial persistence and survival in water containers have also reported microbial inactivation (Kehoe et al. 2001; Carter 2005) . This would suggest that appropriate collection and storage in covered containers can limit target bacterial population growth and survival in untreated natural water, bringing fecal indicator counts below drinking water guidelines, and thus potentially reduce human contact with microbial waterborne contaminants. Further investigation on the fate of pathogenic enteric viruses, bacteria, and parasites in containers used by the Cree, and relations with the persistence of fecal indicators, should be initiated to assess the risk associated with the community practice of drinking stored raw water.
Signifi cant associations between microbial counts and abiotic parameters (water pH and turbidity), and between enterococci counts and daily rainfall are not unexpected and similar results have been reported in the past by others (Kistemann et al. 2002; Plummer and Long 2007 ). These observations suggest that natural processes infl uence variations in total coliform, E. coli, and enterococci counts in the environment and that the determination of abiotic parameters could be exploited to develop alternate methodologies in settings where a laboratory infrastructure might not be available (Struck 1988) .
Since the presence/absence results of the fecal indicator groups varied within the fractionated samples, water quality interpretation was dependent upon evaluated microorganisms. Thus, this study stresses the need of using multiple indicators to more effi ciently address the issue of microbial water quality (Ashbolt 2004) . In fact, the absolute paradigm of E. coli being reliably used to detect human waste in the environment is fading (Byappanahalli et al. 2006) . Investigations of specifi c indicators of human or sewage contamination to assess raw drinking water quality are actually under way in Canada (Long et al. 2005) . Usefulness of such pointsource indicators in remote areas could be assessed using the AML.
The culture-based methods used in this study required about 24 hours to reveal results. However, since it has been often demonstrated that there is an equivocal correlation between the presence or absence of fecal indicators in water and that of other waterborne pathogens, namely viruses, bacteria, and parasites (Straub and Chandler 2003) , there is a need for more rapid technologies to target specifi c microorganisms. AML has demonstrated its capability for onsite unbiased testing by culture methods, and faster innovative molecular diagnostic technologies based on nucleic acid detection are currently being developed to be performed onboard the AML microbiology module. While these technologies have been used extensively to test water in standard environmental laboratories, they have never been performed onsite in a remote area (Rompré et al. 2002) .
Conclusions
Total coliforms, E. coli, and enterococci were detected at least once in all drinking water sources used by the Cree community of Mistissini. Over a period of 30 days, microbiological analysis of raw drinking water with colourimetric and membrane fi ltration methods revealed that selected lake or river water sources in the Mistissini area should not be directly used for drinking, as positive results for all fecal contamination indicators were obtained at a high frequency and with varying distribution patterns. Interestingly, the scientifi c data obtained in this study supported the traditional community perception that a limited number of environmental sites constituted safer water sources. Even if water harvesting practices mitigate risk, boiling water remains the best simple method to inactivate pathogens in the bush.
